Introduction
For a couple of decades, nickel bis(dithiolene) complexes have been intensively studied as precursors of multicomponent molecular conductors in mixed-valence salts, 1, 2 especially after the discovery of the first superconducting material (TTF)[Ni(dmit)2]2 (dmit = 2-thioxo-1,3-dithiole-4,5-dithiolate). 3 Subsequently, various modifications of the dithiolate ligand skeleton have been performed providing a whole library of mixed valence salts. 1b More recently, coordination polymeric materials involving nickel bis(dithiolene) complexes were also described as highly conducting π-nanosheets.
4
Despite the formally closed-shell nature of these nickel complexes, another emerging strategy consists in using these complexes directly as single component molecular conductors, that is a neutral complex without any counterion. 5 Highly conducting neutral nickel bis(dithiolene) complexes bearing a non-innocent tetrathiafulvalene (TTF) backbone were successfully reported by Kobayashi et al. 6, 7, 8 So far, only two other examples of neutral Ni complexes lacking this TTF backbone were reported to behave as single component molecular conductor, namely the neutral Ni(dmit)2 itself, Other weakly conducting neutral Ni complexes have been also reported but, due to the lack of strong intermolecular interactions between these complexes in the solid state, the values of conductivity are much lower (from 10 ).
11
Indeed, due to their closed-shell character, these neutral nickel complexes behave as classical band semiconductors, their conductivity is essentially tuned by the size of the gap and the gap is controlled by the extend of the overlap interactions between complexes. Decreasing this gap can be performed under pressure but can be also attempted by modifying the chemical structure of the complexes, favoring an extended electronic delocalization while maintaining planarity, as detailed here.
We have indeed recently evidenced an unprecedented transformation of N-tert-butyl-1,3-thiazoline-2-thione heterocycles into 2-alkylthiothiazole derivatives in the presence of electrophiles.
12
This reactivity opened the way to a series of novel dithiolate ligands, the 2-alkylthio-1,3-thiazole-4,5-ditholate (RS-tzdt) (Chart 1). The radical gold complexes [Au(RStzdt)2]• were subsequently prepared from the oxidation of the monoanionic Au Chart 1 Chemical structures of investigated neutral nickel bis(dithiolene) complexes.
Results and Discussion

Syntheses
Two different approaches can be used to synthesize the Ni bis(dithiolene) complexes, [Ni(RStzdt)2] (R = Me, Et). The main route (Route a in Scheme 1) involves the protected form of the dithiolene ligands as starting material, that is the 2-alkylthio-1,3-thiazoles 2a-b, obtained from the N-tBu-1,3-thiazoline-2-thione 1 as described earlier.
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Deprotection of 2a-b to the dithiolate ligand in basic medium using NaOMe followed by the addition of NiCl2.6H2O and PPh4Br leads to the formation of the dianionic Ni complexes formulated [PPh4]2[Ni(RStzdt)2]. Attempts to characterize these dianionic complexes were unsuccessful as these dianionic species are easily oxidized to the paramagnetic radical anion species (see below). 
Electrochemical properties
Cyclic voltammetry (CV) investigations were carried out on the monoanionic species in CH2Cl2 using NBu4PF6 as supporting electrolyte. The redox potentials are collected in Table 1 together with those of the N-substituted complexes [Ni(R-thiazdt)2] (R = Me, Et) for comparison purposes. For the investigated complexes, three oxidation processes are observed.
The two first ones are well defined except for the S-Me complex (Figure 1 ) where the second process is not fully reversible, due to adsorption phenomena on the electrode. They correspond to the successive electron transfer between the dianionic species into the radical anion and then to the neutral species. The third oxidation process, ascribed to the oxidation of the neutral complex into the monocationic species, is, comparatively, of lesser intensity presumably due to a decomposition of the neutral complex upon oxidation. Comparison of the redox potentials (Table 1) shows that the novel S-substituted dianionic complexes are easier to oxidize into the anion radical species than their N-substituted analogues. It demonstrates that the 2-alkylthio-1,3-thiazole core acts as a stronger electron donating group than the N-alkyl-1,3-thiazole-2-thione ring. Moreover, the effect of the alkyl substituent on the nitrogen atom of the thiazoline ring exercises also a significant effect as the presence of the tBu group shifts the oxidation potentials by 90 mV compared to the N-Me.
Then for all the complexes the second process corresponding to the oxidation of the anion radical complexes to the neutral one occurs at similar potentials independently of the nature of the ligand. As a consequence, the stability window of the radical anion species, represented by
, is larger for the novel S-substituted complexes than for the Nsubstituted ones.
UV-vis-NIR spectroelectrochemical investigations
Radical anion and neutral nickel dithiolene complexes are known to exhibit strong absorptions in the near infra-red region (NIR), as also observed here. The absorption properties of the radical anion species, were first measured in CH2Cl2 at room temperature and corresponding maximum absorption wavelengths and absorption coefficients are collected in Table 2 . Due to the low solubility of the neutral species, only maximum absorption wavelengths determined thanks to spectro-electrochemical investigations are given in Table 2 . UV-vis-NIR spectro-electrochemical investigations ( Figure 2 ) were carried out on the anion radical species in CH2Cl2 with NBu4PF6 as supporting electrolyte. All the investigated complexes exhibit a low energy band in the NIR region at 1228-1284 nm for the N-substituted complexes and at 1080 nm for the S-substituted complexes. Upon gradual oxidation to the neutral species, this low energy band decreases together with the gradual growth of a new absorption band at higher energies around 1020 nm for the N-alkyl and 910 nm for the S alkyl substituted complexes.
The main observation is a notable blue shift exhibited by the S-substituted complexes, both in the radical anion form as in the neutral state, when compared with the N-substituted complexes. This evolution is easily rationalized for the monoanionic complexes as it parallels the evolution of the ∆E = E 2 -E 1 redox potentials. It appears therefore that the aromaticity of the thiazole ring in the S-substituted complexes limits the extent of delocalization within the complexes, due to π-electron confinement on the aromatic ring, a well-known phenomenon in conducting polymers. Table S1 in ESI). 10, 14 In the solvent-free structure, the outer C=S moiety of the complex are disordered on two positions, one with 25% occupancy essentially in the molecular plane, one with 75% occupancy bringing the sulfur atom out of the molecular plane by 0.75 (2) Concerning the S-substituted anionic complexes, they both also crystallize in the monoclinic system, space group C2/c with the PPh4 + cation on a two-fold axis and the complex anion on inversion center. Intramolecular bond distances are collected in Table 3 .
Intramolecular distances within the metallacycles compare with those described for other nickel dithiolene complexes (see Table S1 ). Note also that the SMe substituent in [Ni(MeS-
1-lies in the molecular plane (Fig 4a) In the latter indeed, the anionic dithiolene complexes were not located on inversion centers, a consequence of a different orientation of the alkyl groups on both sides of the complexes. (8) 2.166 (3) 1.715 (5) 1.722 (4) 1.346(6) 1.380 (6) 1.297 (6) 1.726 (3) 1.745 (4) 1.741 (6) [Ni(EtS-tzdt)2] (2) 1.683 (6) 1.700 (7) 1.408(9) 1.385 (8) 1.282 (9) 1.727 (7) 1.758 (7) 1.743 (7) [Ni(EtS-tzdt)2] and J/k = -75.6(1) K (Fig. S6) . The resistivity measurements were performed in two points either with or without gold pads and the measured resistivities are influenced by the type of procedure used. The room temperature conductivity at ambient pressure, σRT (1bar) lies in the range 5×10 To rationalize the transport properties of both complexes and their differences, the extend and dimensionality of the interactions between the nickel complexes have been evaluated from the calculation of the βHOMO-HOMO , βHOMO-LUMO and βLUMO-LUMO interaction energies (Table S2) • was reported, and its solid state organization strongly differs from the closed-shell nickel complex reported here. Indeed, the radical complexes organize into face-to-face, almost eclipsed dimers (Fig. 9b) , while the [Ni(EtS-tzdt)2] complexes described here form regular stacks with much weaker intermolecular interactions (Fig. 9a) . Both the nickel and gold complexes are located on inversion centers, allowing us to exclude a possible charge dissymmetry to explain here the different solid state structures, as observed elsewhere.
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They actually find their origin in the added overlap interaction of the open-shell radical gold species toward the formation of a 2e-delocalized bond in the almost eclipsed dimer, a general trend observed recurrently when steric constraints do not hinder this face-to-face overlap.
10,18
The closed-shell nature of the nickel complexes does not favor such eclipsed overlap. 
Conclusions
Neutral nickel bis(dithiolene) complexes, because of their closed-shell character, are usually behaving as insulating materials, unless they are formed out of highly delocalized tetrathiafulvalene-dithiolate ligands. We have described here an original series of S-alkyl All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. H atoms were finally included in their calculated positions. Details on the refinement of disorder in some structure are given below.
[PPh4][Ni(tBu-thiazdt)2]. The terminal thiocarbonyl function was split in two parts, SADI restraints are used to force the C=S, C-N and C-S distances to be equal in the two parts. The thiocarbonyl group in PART 2 was forced to be flat using the FLAT constraint. Atoms in the two part are refined anisotropically using the SIMU restraint.
[PPh4][Ni(tBu-thiazdt)2](toluene). The toluene molecule was found disordered on an inversion center. The PART -1 instruction was used to avoid bonding between the two parts across the inversion center. The geometry of the aromatic ring was fixed using the AFIX 66 rigid group constraint. All the carbon atoms of the toluene molecule are refined anisotropically using SIMU and DELU restraints.
[PPh4][Ni(EtS-tzdt)2]. Disorder was found on the terminal thioethyl group of [Ni(EtS-tzdt)2]
and on the phenyl rings of the tetraphenylphosphonium cation. The ethyl group was split in two parts using PART -1 and Part -2 instruction to avoid bonding with symmetry generated molecules across the 2 fold axis. Occupation factor was fixed to 0.5 for symmetry reasons.
Each phenyl ring of the tetraphenylphosphonium cation was split into two parts, the geometry of the benzene ring was fixed using the AFIX 66 rigid group constraint to avoid large distribution in the C-C bond lengths. All the carbon atoms of the aromatic rings are refined anisotropically using SIMU and DELU restraints. Phosphorus-carbon distances are fixed to be equal in each part using the SAME restraint. Occupation factors are fixed to 0.5. (7) T (K) 296 (2) 296 (2) 296 (2) 150 (2) 296 (2) 150 (2 
Theoretical calculations
The orbital calculations, tight-binding band structure calculations and β interaction energies were based upon the effective one-electron Hamiltonian of the extended Hückel method, 23 as implemented in the Caesar 1.0 chain of programs.
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The off-diagonal matrix elements of the Hamiltonian were calculated according to the modified Wolfsberg-Helmholz formula.
25
All valence electrons were explicitly taken into account in the calculations and the basis set consisted of double-ζ Slater-type orbitals for all atoms except H (single-ζ). The exponents, contraction coefficients, and atomic parameters for Ni, C, S, N and H were taken from previous work. 10, 26 Resistivity measurements. The resistivity measurements were performed along the long axis of the platelet-shaped crystals ( The magnetic data were corrected for the sample holder and the diamagnetic contributions.
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